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Since the introduction in 1933 (Kluyver and Perquin,
1933) of the shaker flask method of culturing fungi this
technique has found widespread use in fungus physi-
ology (Foster, 1949). It was used for spore germination
studies by Davies of al. (1948) and Mandels and
Norton (1948). The measurement of antifungal ac-
tivity, however, has been accomplished by the more
conventional methods making use of agar plates, hang-
ing drops, moist chambers, and more elaborate tech-
niques (Horsfall, 1946). This paper describes the assay
of fungicides by spore germination in shaker flasks.

MaTeErRIALS AND METHODS

The required number of shaker flasks {125-ml
Erlenmeyer) were fastened to a shallow tray by means
of double-coated pressure-sensitive tape.! The flasks
were loaded using a 5-ml automatic pipette. The several
components were made up in concentrated form so as
to give the final desired concentration when mutually
diluted with the others. Aseptic methods are not neces-
sary. The usual order for loading the flasks was as fol-
lows: buffer, substrate, fungicide, spore suspension. All
flasks were brought to the same final volume with
distilled water. The loaded flasks were loosely plugged,

and the tray was transferred t6 a shaking machine in’

an incubator. The tray was also attached to the shaker
by double-coated tape. After the desired incubation
{4 hr}), the cultures were removed and either preserved
with formalin for future study or sampled and mounted
in lacto-phenol plus cotton blue. Since the process of
germination in fungus spores is progressive over a period
of time and blends gradually into hyphal growth, it is
necessary to decide arbitrarily at what point a given
spore may be considered germinated. This is here de-
fined as the stage at which the protruding germ tube
is as long as it is wide as illustrated by Mandels and
Darby (1953). Per cent germination was ecalculated
from a count of several hundred spores.

In experiments reported here the buffer used was
0.025 M potassium phosphate, pH 6.8; the substrate
was 0.1 per cent sucrose plus 0.1 per cent veast extract;
the organism was Myrothecium verrucaria (Alb. and
Schw.) Ditm. ex Fr. strain QM 460. The method of

! The pressure-sensitive tape no. 400 (Minnesota Mining
and Manufacturing Company, St, Paul, Mirnesota) has been
found suitable.

146

propagating the organism and preparing the spore sus-
pension have been previously described (Mandels and
Darby, 1953). The washed suspension was adjusted to
provide a filal concentration of 1 to 5 X 109 spores per
ml. The flasks were shaken at 225 rpm on a rotary
shaker at 30 C.

Resunts

The method is illustrated by the results of three
studies: an ordinary dosage-response test, a kinetic
study, and a study of fungicides in combination.

For single compounds the results of three replicate
experiments are shown in figure 1 in which sodium
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Figure I. Inhibition of germination of spores of Myrothe-
cium verrucaria in shaker flasks by sodium pentachlorophenate
(NaPCP). Data from three replicate experiments. Substrate =
sucrose, 0.1 per cent; yeast extract, 0.1 per cent. Incubation =
4 hr at 30 C. Spore concentration = 2.7 to 4.4 X 10° per ml.
Age of spores = 14 days.
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pentachlorophenate {(NaPCP) was tested at 10-% to
10~ . An average curve, fitted by eye, indicates that
the EDy (dosage for 50 per cent inhibition) is about
1.8 X 10~° m NaPCP.

Data of the progress of germination with time are
readily obtained by taking successive harvests from the
same flasks. This is illustrated in figure 2 which shows
the germination curves for four levels of copper 8-
quinolinolate (Cu-8). The same data are presented in
table 1 expressed as per cent of control germination,
This shows the relative effect of Cu-8 with time.

The use of the method for fungicide combinations is
iHlustrated in table 2. In this experiment zinc dimethyl-
dithiocarbamate (ZnDDC) and 2-mercaptobenzothia-
zole (2-MBT) were combined factorially over their
partially effective ranges.

The results show that various eombinations of the
two compounds may have qualitatively different effects
on germination. Thus, the addition of 1 X 10-° M
ZnDDC te 1 % 10-3 v 2-MBT causes a reversal of the
effect of the latter, and the addition of 1 X 10-°m
2-MBT t0 3.16 X 107%m ZnDDC also causes a reversal,
Other combinations suggest no joint effect, except that
with 3.16 X 10~° m 2-MBT and 2 X 10-¢ M ZnDDC
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Figure 2. Inhibition of germination of spores of Myro-
thectum verrucaria in the presence of copper 8-quinolinolate.
Substrate = suerose, 0.1 per cent; yeast extract, 0.1 per cent.
Harvest at 2, 3, 4, 5, and 6 hr. Spore concentration = 4.8 X
10% per ml. Age of spores = 8 days.

there is a greatly enhanced inhibition of germination
which suggests a synergistic effect.

Discussron

The rather good agreement of the results of the three
replicate experiments in figure 1 compares favorably
with resuits obtained by more conventional methods
(Horsfall, 1956). The speed and ease with which they
were obtained, the elimination of aseptic techniques,
and better control of conditions such as pH, aeration,
and nutrition afforded by the shaker flasks recommend
the method for routine or detailed studies of fungicides.

"The choice df 4 hr incubation as a standard was made
from studies as illustrated in figure 2. At 4 hr the con-
trol flasks show essentially 100 per cent germination,
and the experimental flasks show the greatest differ-
entiation,

Prolonged incubation or too dense a suspension is
likely to cause some clumping as the sporelings elongate,
and this may interfere with accurate eounting. Con-
versely, a short incubation militates against adaptation
of the organism to the fungicide.

Other organisms have been suceessfully used includ-
ing Memnonielln echinala, Alternaria tenuds, and several

TABLE 1

Germination of spores of Myrothecium verrucaria in the presence
of copper 8-gquinolinolate (Cu-8)*

FPer Cent of Control Germinationt at Hr:
Conc of Cu-8
2 3 4 5 6
M

103 48 80 86 99
1077 20 70 68 84 99
10-e [ 0 6 21 52
16-% 0 0 0 0 0

* Conditions as for figure 2.
1 Germination of controls without Cu-8 taken as 100 per
cent.

TABLE 2

Germination of spores of Myrothecium verrucaria in the presence
of miztures of zinc dimethyldithiocarbamate (ZnDDC)
and 2-mercaplobenzothiazole (2-MBT)*

Per Cent Germination per Conc of ZnDDC (u):
Conc of 2-MBT

@ (control) | 1 X 1076 2 X 10~¢ | 3.16 X 078

M

0 (control) 100 100 88 0

1 X 107 0 1004 61 a6+
3.16 X 107 69 70 a1t 7
1 X 107 13 11 0 0

* Substrate = sucrose, 0.1 per cent; yeast extract, 0.1 per
cent. Incubation = 4 hr at 30 C, Spore concentration = 4.2 X
1075 per ml. Age of spores = 28 days.

t Reversal.

1 Synergism.
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species of Aspergillus and Pericillivin. Saccharomyces
cerevisine presented some difficulty in determining
which cells had budded or divided. In general, the
organisms best adapted to the technique are those
that produce large single-celled spores borne profusely
in a moist condition and which germinate readily on a
simple medium.

SUMMARY

A rapid, simple method is proposed for evaluating
fungicides by the inhibition of spore germination in
shaker flasks. This method is completed in a few hours
incubation, does not require asepsis, is reproducible,
and is suitable for a variety of applications.
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